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Abstract 
Ground pork was irradiated (3.0 kGy) in combination with various packaging and 
antioxidant treatments in attempt to minimize irradiation effects on color and oxidation. 
Antioxidant treatments included dietary vitamin E, rosemary oleoresin, or sodium 
erythorbate. Packaging treatments during irradiation included aerobic, vacuum, or vacuum 
with oxygen absorbers. Product evaluations included oxidation (TBARS values), color (CIE 
L *, a*, b*), and sensory attributes. Rosemary oleoresin lowered (p2:0.05) TBARS values and 
with vacuum packaging, increased the a* (redness) of irradiated ground pork. Sodium 
erythorbate resulted in greater TBARS under aerobic conditions, but not under vacuum. No 
significant effects were observed for vitamin E. 
GENERAL INTRODUCTION 
Meat and meat products have a relatively short shelf life when compared to many 
other categories of foods. If not sold, meat is often discarded and this results in decreased 
profits, therefore every effort is made to further extend shelf life and potentially add profit. 
Meat, as a result of its composition, is a highly perishable food product that is 
susceptible to quality deterioration by both microbiological and chemical means. Ground 
meat in particular, is subject to rapid deterioration because the grinding process incorporates 
compounds, such as oxygen, which are responsible for product degradation. 
Chemical deterioration of meat is often associated with oxidation and color loss. 
Color influences the consumer's perception of overall meat quality and is often a gauge of its 
microbial status. Loss of meat color is an indication that the product is reaching the end of its 
storage life (Miller 1994). 
The purpose of many food preservation techniques is to slow down chemical 
processes that lead to quality changes. Antioxidants are one such tool that is used to improve 
the color stability of meat and meat products. A great deal of research has been done to 
evaluate a wide variety of antioxidants. For example, studies done by Asghar and others 
(1989) as well as Lanari and others (1995) showed increased color stability of pork as a result 
of elevated levels of alpha-tocopherol (Vitamin E) in the diets of swine. 
Sodium erythorbate is a second antioxidant that has been investigated for its color 
maintenance properties. Manu-Tawiah and others (1991) showed that color life of ground 
beef could be extended by approximately five days with the addition of sodium erythorbate. 
Along with its contribution to color stability, sodium erythorbate has shown potential to 
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improve the lipid stability of meat. Wesley and others (1982) investigated the use of sodium 
erythorbate in turkey franks. A reduction of TBARS values was observed in samples without 
nitrite but which contained sodium erythorbate. 
Nutritional awareness by today's consumers has sparked an interest in "natural" 
foods. As a result of this, the use of spices for their antioxidant properties has become 
increasing popular. Spices such as ginger, oregano, cinnamon, and rosemary are being used 
as flavorings as well as antioxidants in many foods. Rosemary or rosemary extracts are 
commonly added to red meat and poultry products for these reasons. 
While antioxidants are effective in extending the color shelf life, the microbial counts 
of meat may be relatively unaffected. This situation produces a potential problem. Although 
the color life of a product is extended, a "masking" of microbial contamination may take 
place and thus food safety becomes an increased concern. The microbiological aspects of 
shelf life vs. safety must be considered for these antioxidant-fortified meat products. 
Microbiological preservation of red meat is typically accomplished by creating an 
environment that is unfavorable to the spoilage organisms. Specific environmental 
modifications can be carried out to preserve food microbiologically. Preservation techniques 
may include changes in temperature, atmosphere (i.e. oxygen content), or salt concentration, 
as well as many others. 
One preservation technique that has been gaining increased interest is food 
irradiation. While the first application of food preservation by irradiation is not clear, recent 
outbreaks of food-borne illness in the meat industry have sparked increased interest in this 
process. Harmful pathogens, such as Escherichia coli 0157:H7 and Listeria monocytogenes 
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have gotten widespread media attention for cases involving Jack in the Box (Glamser and 
Hoversten 1993), Hudson Foods (Manning and Peterson 1997), and Bil-Mar (Anklam 1999). 
A great deal of recent research has been done dealing with the control or elimination of these 
harmful microorganisms through the use of irradiation (Katta and others 1991; Thayer and 
others 1990). Along with controlling the pathogenic organisms, irradiation has also been 
shown to reduce those microorganisms that are responsible for spoilage (Labepe and others 
1990; Fu and others 1995). 
Food irradiation has been shown to be a valuable tool for controlling microorganisms, 
but there are indications that irradiation may cause quality changes in meat relating to color 
and lipid stability (Lee and others 1996). By employing specific preservation/processing 
techniques, such as antioxidants and packaging methods, the changes induced by irradiation 
may be reduced or eliminated. 
The hypothesis for this study was that antioxidants and appropriate packaging 
conditions will significantly improve the quality of irradiated fresh meat by reducing or 
eliminating the quality changes sometimes observed as a result of irradiation processing. 
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Thesis Organization 
This thesis is in an alternate style format that consists of four main chapters. The first 
chapter is a general overview of the topics discussed in the subsequent chapters. The second 
chapter is a review of literature that is related to the study. The third chapter consists of a 
manuscript, which is being prepared according to the Journal of Food Science style guide. 
The fourth and final chapter is a concluding summary for the entire thesis. This thesis 
represents work done by the primary author to fulfill requirements for the degree of Master of 
Science. 
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REVIEW OF THE LITERATURE 
Irradiation of food 
The use of irradiation to preserve meat or other foods has gained attention due to 
recent outbreaks of food-borne illness. An estimated 6.5 to 33 million cases of food-borne 
illness occur annually in the United States. Of these, 9000 result in death (Roberts and 
Unnevehr, 1994). Recent attention has been given to emerging pathogens, particularly 
Escherichia coli 0157:H7. This pathogen has been estimated to affect 7,000 to 20,000 
Americans a year and cost anywhere from $174.3 to $467.7 million (Marks and Roberts 
1993). Irradiation has been identified as one solution to pathogen problems and has been 
recommended as a part of a comprehensive program to enhance food safety (Loaharanu 
1994). 
Irradiation exposes food (and pathogens) to an ionizing radiation that has sufficient 
amounts of energy to create positive and negative charges. The Council for Agricultural 
Science and Technology (CAST) estimated that a dose of 1 kGy would create sufficient 
energy to break less than 10 out of 10 million chemical bonds. Breaking even this small 
percentage of bonds in deoxyribonucleic acid (DNA), however, results in loss of the cell's 
ability to replicate (Olson 1998). 
The disruption of this genetic material causes the many positive effects associated 
with irradiation which include inactivation of parasites, delaying of ripening, prevention of 
sprouting, destruction of insects, etc. (Murano 1995). Besides the use of irradiation to 
decrease pathogens, another goal is to achieve an increased shelf life by reduction of 
microbial populations that can cause food deterioration (Maerker 1996). 
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History 
Recent media coverage has made irradiation a "hot" topic, but this process is not new 
to the food industry. The preservation of meat or other food products by exposure to ionizing 
radiation dates back to a 1909 French patent by 0. Wust (Romans and others 1994). 
Intensive studies on irradiation of foods did not begin until the l 950's when President 
Eisenhower proposed a program called "Atoms for Peace" to the United Nations in 
December of 1953 (Dempster 1985). President Eisenhower promoted efforts towards finding 
useful purposes for radioactive materials and radiation science. In 1955, the Army Medical 
Department initiated tests to assess the safety of irradiated foods (CAST 1989). Although 
these programs were successful in their purpose, irradiation was slow to reach mainstream 
food technology. 
The United States passed the Food Additives Amendment to the Food, Drug, and 
Cosmetics Act in 1958. This amendment delayed the commercialization of food irradiation 
for three decades. Under this amendment, irradiation was classified as an additive and thus 
required authorization by the Food and Drug Administration (FDA) to prescribe safe 
conditions of use and to evaluate pre-market reviews and acceptance (Olson 1998). The first 
food products to receive approval from the FDA for irradiation were wheat and white 
potatoes in 1963. It was over twenty years later that the FDA gave permission to the food 
industry to irradiate other food pro.ducts such as spices (1986) and poultry (1990). 
The National Aeronautical and Space Administration has used irradiated food during 
space flights for many years. NASA adopted irradiation in the 1970's to sterilize meat that 
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was meant for consumption in space (Karel 1989). NASA's food irradiation policy is still in 
place today. 
Current status of food irradiation 
Due to resistance from various groups to irradiation technology, food irradiation has 
the longest history of scientific testing of any food safety or preservation technology before 
its approval (AMA 1993). Similar resistance to new technology was found during the 
introduction of vaccinations, water chlorination, and pasteurization (Rhodes 1997). More 
than 4 decades of multigenerational animal studies have shown no toxic effects from eating 
irradiated foods (Thayer 1994). Human studies have also shown no adverse effects when 
diets were comprised of 100% irradiated foods (Diehl 1995). 
The Food and Drug Administration approved irradiation for red meat in December of 
1997. Irradiation of food has been approved for use on at least one product in 35 countries, 
and currently irradiated foods are commercially available in 28 countries (IA.EA 1995; 
Loaharanu 1996). 
The FDA determines the maximum amount of radiation absorption that is permitted. 
The amount of radiation that a product absorbs is measured in units of grays ( or kilo grays, 
kGy) . The FDA limits range from 0.2 kGy for wheat to 30 kGy for spices. FDA has 
determined dosage limits for the meat industry on a basis of microbial control. Currently, 
there are two categories of red meat products that have regulations: uncooked, chilled meat 
has a dose limit of 4.5 kGy, and uncooked, frozen meat has a limit of 7.0 kGy. Food 
irradiation has gained endorsements from a long list of reputable organizations that include 
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the World Health Organization, American Medical Association, Institute of Food 
Technologists and the American Council on Science and Health. 
Effects of irradiation on meat systems 
While irradiation has proved to be a valuable tool in the meat industry, it also holds 
many challenges that will have to be addressed. One particular area of concern is 
maintaining the quality of raw meat after irradiation. There are many different factors that 
have to be considered when maintaining quality. Radiation dose, rate at which that dosage 
was applied, temperature and atmosphere during irradiation, and temperature and atmosphere 
during subsequent storage are all factors which can affect the final product quality (Thayer 
1990). 
Most of irradiation's effects on the quality of meat are related to the formation of 
radicals by the ionization of oxygen, water, and lipid molecules in the product (Olson 1995). 
Though irradiation may affect the overall quality of the product, many particular tools, such 
as packaging techniques and antioxidants, may be used to decrease the detrimental effects. 
Two important quality attributes that can be effected by irradiation are those associated with 
color and lipid stability. By understanding the color and lipid changes that take place during 
irradiation, processing conditions can be employed to maximize final product quality. 
Lipid oxidation in meat svstems 
One of the primary goals of food irradi~tion is the extension of shelf life by reducing 
the microbial population. It is the growth of these microorganisms that effect many of the 
quality attributes associated with meat products. Numerous studies have shown the ability of 
low-dose irradiation (< 1 kGy) to reduce microbial populations in meat (Labepe and others 
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1990; Katta and others 1991; Fu and others 1995). These low-dose irradiation treatments, 
however, may be sufficient enough to increase lipid oxidation (Zhao and Sebranek 1996). 
Lipid oxidation is undesirable in meat products because the end result may be rancid 
flavors . This oxidative process can eventually lead to product rejection as a result of these 
unwanted off-flavors and odors. 
Mechanism of lipid oxidation in meat systems Lipid oxidation is one of the 
primary forms of quality deterioration in foods, especially meat products (Gray and others 
1996). While the mechanism by which lipid oxidation occurs is still not fully understood, it 
has been generally accepted to be a result of the catalytic effects of light or free radical-
producing substances and/or processes. 
Although there are several postulated variations on how lipid oxidation specifically 
develops, each scheme generally includes three main steps: initiation, propagation, and 
termination. 
Lipid oxidation in meat systems typically begins at the membrane level in the muscle 
through the initiation step. Initiation is the removal of hydrogen atoms from unsaturated fatty 
acids, which in turn produces a free radical species (R). It has been suggested that initiation 
can take place as a result of factors such as metal catalysts, light exposure, hydroperoxide 
decomposition, and reactions of oxygen with myoglobin (Chan and others 1997). 
After initiation occurs, propagation can ta_ke place. The combination of oxygen with 
free radicals advances propagation; the result of which is the formation of compounds called 
peroxy radicals (ROO} Propagation continues when this peroxy radical removes hydrogen 
from other groups of molecules, often other fatty acids, to produce hydroperoxides (ROOH) 
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and new free radicals (R). This process quickly cascades as new free radicals react with 
oxygen and repeat the sequence of events mentioned previously. 
Hydroperoxides are essentially odorless and flavorless. However, hydroperoxides 
begin to decompose as soon as they are formed and their decomposition yields a variety of 
volatile and non-volatile secondary products (Mottram 1994). These secondary products, 
which include aldehydes and ketones, are responsible the off-flavors and off-odors associated 
with oxidized foods (Drumm and Spanier 1991 ). It should be mentioned that in early stages 
of lipid oxidation, hydroperoxide formation rates exceed their decomposition rates (Nawar 
1996), thus this portion of oxidation is an "accelerating" step. In later stages of oxidation, 
this reverses, and hydroperoxides decompose faster than they are formed. 
Eventually oxidation moves into the third step, termination. In this step, the radicals 
can decompose to a "stable" form through a wide variety of mechanisms. 
Effects of irradiation on lipid oxidation Irradiation of lipids has been reported 
to induce oxidation (Murano 1995) and increase the levels of hydroperoxides. If irradiation 
takes place in the presence of oxygen, oxidizing substances such as peroxides are generated 
and may promote the oxidation of fats (Urbain 1986). Irradiation of several different animal 
species has been observed to result in increased oxidation in tissue depending upon the 
environment during irradiation. Pork chops exposed to low levels of irradiation ( 1 kGy) and 
aerobic packaging have displayed increased amounts of lipid oxidation, as shown by 
increased TBARS values (Zhao and Sebranek 1996). Similar results were found in poultry 
(Chiang and Hau 1992) and beef (Lafebvre and others 1994). 
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Several experiments have been conducted in attempt to eliminate or reduce oxidative 
changes due to irradiation. Thakur and Singh (1995) studied the effects of irradiation 
combined with other factors such as freezing, heating, and packaging environments. They 
reported that freezing virtually immobilizes the reactive substances thus greatly reducing their 
ability to interact with vulnerable tissues. Frakes ( 1990) noted that heating and irradiation 
work synergistically in extending the shelf life of foods by inactivating enzymes, removing 
air, and increasing the bacterial sensitivity to ionizing radiation. 
Removal of oxygen during irradiation will inhibit the oxidation of lipids (Murano 
1995; Thakur and Singh 1995). Such environments can be achieved by packaging the food in 
an oxygen-free container or under vacuum conditions. Vacuum-packaged pork chops that 
were cooked before irradiation exhibited no increase in lipid oxidation when compared to the 
non-irradiated controls (Fu and others 1995). Luchsinger and others (1996) noted increased 
oxidative rancidity for irradiated pork chops that were aerobically packaged as opposed to 
those which were vacuum-packaged. Comparable studies done on poultry showed no 
increase in oxidation as a result of using vacuum packaging in conjunction with irradiation 
(Kolsarici and Kimca 1995). 
Another way to decrease the oxidative effects of irradiation might be to utilize 
antioxidants such as alpha-tocopherol, butylated hydroxyanisole (BHA), rosemary, etc. Fox 
and others (1997) studied the retention of alpha-tocopherol in irradiated pork. Results 
indicated no loss of alpha-tocopherol from pork packaged in a nitrogen-flushed container. 
These findings agree with work done by Diehl (1979) which indicated that oxygen must be 
present to observe radiation-induced vitamin loss. 
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Loss of alpha-tocopherol was reported for pork and beef when irradiated under 
aerobic conditions (Lakritz and others 1995). These losses varied from O to 60% depending 
on the dosage applied. Work done with poultry (Juven and others 1988) investigated the use 
of sodium erythorbate and irradiation. Conclusions indicated a 50% decrease in ascorbic 
acids due to oxidative effects. Despite the above-mentioned studies, relatively limited 
amounts of data exist on the effectiveness of combinations of various antioxidants and 
different packaging environments when used for irradiated meat products. In particular, very 
little data exists on ground meat products which have oxygen incorporated into the product 
because of the grinding process. 
Color of meat 
The color of meat is an important factor on which consumers evaluate the quality of 
meat. The consumer often uses color as an indicator of flavor, juiciness, tenderness, and 
freshness of a meat product (Naumann and others 1957). Because consumers attach great 
significance to the "red" meat color, it is important to understand meat pigments and changes 
that result from meat processing. 
Mechanism of meat color The primary pigments found in fresh meat are forms of 
a protein called myoglobin. Myoglobin (purplish-red) is the reduced form of this pigment, 
oxymyoglobin ( cherry red) is the oxygenated form, and metmyoglobin (brown) is the 
oxidized form . The proportions of these three pigments on the surface of fresh, uncooked 
meat determines the overall color that is perceived. 
Iron is located within the myoglobin heme structure. When myoglobin is in its 
reduced form, iron contained within the heme structure is in a reduced Fe +l (ferrous) state 
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with no other atoms attached to it. When this myoglobin is exposed to air it becomes 
oxygenated, providing other conditions are favorable. Oxygenation is the reaction that occurs 
when the myoglobin combines with an oxygen molecule (02). This results in a molecule 
called oxymyoglobin, which is bright red in color. Both oxymyoglobin and myoglobin can 
be seen when fresh meat is sliced. The internal portion of the meat is initially purple 
(myoglobin) and quickly becomes bright red ( oxymyoglobin). However, this desirable bright 
red oxymyoglobin is not stable. Upon further exposure to air, oxidative changes convert the 
heme iron from the ferrous (Fe+2) to the ferric form (Fe+\ This oxidized form ofmyoglobin 
is called metmyoglobin and often can be associated with a very dull, brown appearance. 
Metmyoglobin formation in fresh meat may be a result of enzymatic, lipolytic, bacterial, or 
any other type of reaction that leads to reduced partial pressure of oxygen (Shivas and others 
1991 ). 
Color is one of the primary quality attributes of meat. Unfortunately, this trait is also 
the most sensitive to varying environmental conditions. Lanier and others ( 1977) studied the 
effects of different storage environments on color of exposed lean beef surfaces. He noted 
that the rate of metmyoglobin formation or browning increased with increasing storage 
temperature and air velocity. 
Many different meat processing techniques have been studied to evaluate their 
specific effects on color. One example of these processing variations is the grinding of meat. 
This procedure causes disruption of cellular membranes and thus the membrane lipids and 
oxidizing reagents combine. It is this oxidation that eventually leads to brown discoloration 
of ground meats that consumers reject. A study done with comminuted pork (Palombo and 
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Wijngaards 1990) compared three factors during grinding: air pressure, knife shape, and 
enzymatic inhibitors. Air pressure, which was controlled through vacuum application, had 
the greatest effect on overall color. Knife shape had an intermediate effect and enzymatic 
inhibitors had the least. 
Common meat processing techniques have been evaluated for beef color stability 
effects (Madhavi and Carpenter 1993). Decreased color stability was found with fabrication 
by saw cutting or grinding methods when compared to whole muscle controls. Color stability 
can be improved, however, through the use of antioxidants such as ascorbic acid, butylated 
hydroxyanisole (BHA), or propyl gallate (Govindarajan and others 1977). These compounds 
work as reductants to maintain color and may also delay lipid oxidation. 
Consumer acceptance of color plays an important role in the meat industry. In a 
survey dealing with ground beef, 74% of 1750 shoppers indicated that the decision to 
purchase a particular meat product was based on color (Lynch and others 1986). Other work 
dealing with meat color (Kropf 1980) indicated that color is probably the appearance factor 
that most frequently determines if a package of meat will be purchased. 
Pork has long been associated with variations in color and large amounts of data have 
been collected on its relation to consumer preference. Work done by Topel and others (1976) 
indicated that consumers discriminated against pale or dark pork chops when compared to 
normal-colored chops. Similar work done by Walcholz and others (1978) used a supermarket 
setting to evaluate three categories of chops. Equal amounts of pale-soft-exudative, normal, 
and dark-firm-dry packages were set out in a manner that disguised a survey was in progress. 
Of the 280 packages purchased, over one half (146) were normal chops. The remaining 
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packages were divided relatively evenly, DFD (72) and PSE (62). Both of these studies 
suggest that consumers are aware and consciously select for normal pork color. 
Effects of irradiation on meat color The use of irradiation for meat preservation 
may have the potential to alter color. Like many other food processing procedures, the extent 
of color change is likely to be dependent on the specific treatment. Various processing 
factors such as irradiation dose level, oxygen exposure, and processing temperature may be 
important factors affecting the color of the irradiated meat. 
As mentioned in the lipid oxidation section, irradiation may induce oxidation in meat 
systems. It is not surprising that myoglobin, being sensitive to oxidation, could also be 
affected by irradiation. Irradiation in the presence of oxygen results in formation of varying 
levels of metmyoglobin, giving the meat a brown color. Ginger and others (1955) noted that 
when fresh ground beef was irradiated, discoloration increased as irradiation dose increased. 
Research utilizing boneless pork chops and comparing effects of vacuum versus aerobic 
packaging during irradiation (Luchsinger and others 1996) has been reported. Color 
evaluation, based on the CIEL *a*b* system, was conducted immediately following 
irradiation. Results indicated that vacuum-packaged pork chops were redder (a* value) than 
aerobically packaged chops, however the aerobically packaged pork chops were lighter in 
color (L * value) than those which were vacuum-packaged. Yellowness (b* value) was lower 
for the vacuum-packaged chops. Along with initial color assessment, display life studies 
were conducted. Refrigerated pork chops (2°C) were displayed and evaluated for up to 14 
days. Display life data indicated that irradiated vacuum-packaged pork chops had greater 
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color stability than their non-irradiated counterpart. Discoloration of product occurred only 
when samples were irradiated in aerobic packages and had long display times. 
Grant and Patterson (1991) investigated irradiation of pork under modified 
atmospheres. Their analysis showed that irradiation under these conditions produced a 
"pinker" product than those that were non-irradiated. Experiments using vacuum-packed 
loins (Lebepe and others 1990) also reported higher a* values for irradiated rather than non-
irradiated samples. Increased redness values in retail pork cuts may not necessarily be 
desired by the consumer because it may portray a normal chop as one that is dark, firm, and 
dry (DFD). Irradiation under vacuum conditions may lend itself well to further processed 
products, where the fresh ingredient's red color is not a factor in the final product appearance. 
Antioxidants 
Oxidation is one of the major causes of food deterioration. Because of this, it is 
important to understand the mechanism by which it works and how it can be controlled. 
Because living cells convert nutrients into energy, they are dependent upon the intracellular 
reduction of oxygen. This reduction of oxygen is normally accompanied by the generation of 
small but significant amounts of oxygen intermediates (Kelly 1988). Examples of these 
oxygen intermediates include superoxide (02-), singlet oxygen (102), hydroxyl radicals C OH) 
and hydrogen peroxide (H202). 
These intermediates have a relatively short life, but they are highly reactive. Some 
effects of these highly reactive intermediates include mitigation of oxidation and the 
development of rancid off-flavors and odors, textural changes, loss of original product flavor 
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and odor, discoloration of pigments, and loss of nutritional value from the deterioration of 
vitamins and essential fatty acids. 
Oxidative reactions that occur in foods involve the removal of electrons and lead to 
the reduction of the various components in the foodstuff. Oxidation of fat typically involves 
the unsaturated sites in fatty acids. This process of oxidation can be catalyzed by a wide 
variety of factors such as light, heat, heavy metals ( copper and iron), pigments, degree of 
unsaturation, and even oxygen itself (Buck 1985). 
As mentioned previously in the section on mechanism of lipid oxidation, oxidation 
reactions generally follow three steps: initiation, propagation, and termination. Once 
initiation has occurred, the oxidized products further catalyze the oxidation reaction so the 
overall reaction rate increases with time. Antioxidants, as the term implies, may be added to 
foods in order to retard oxidation. Antioxidants work in the propagation phase by slowing 
down the reaction rates associated with oxidative reactions. Consequently, antioxidants must 
be added before oxidation progresses and peroxides are formed, because antioxidants cannot 
reverse oxidative changes that have already taken place. Eventually the antioxidants in the 
food system are consumed and oxidation continues at its normal reaction rate. 
Antioxidants can be categorized into four general types: oxygen scavengers, metal 
chelators, singlet oxygen quenchers, and free radical terminators. 
Oxygen scavengers are molecules that absorb and react with oxygen in the food 
system. Once oxygen scavengers have undergone these particular reactions, the oxygen is 
prevented from participating in further oxidative reactions. Examples of oxygen scavengers 
include erythorbic and ascorbic acid. 
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As mentioned previously, heavy metals such as iron and copper, can catalyze 
oxidative reactions. Metal chelators bind these metal ions in order to prevent them from 
promoting further oxidation. Citric acid and phosphates are commonly used as metal 
chelators. 
Singlet oxygen (102) is very reactive and finds other molecules in the food system to 
react with. Particular compounds called singlet oxygen quenchers, react with oxygen and 
deactivate the singlet oxygen radicals. Carotenoids, which are a component of many green 
plants, are singlet oxygen quenchers (Voet and Voet 1995). 
The final categories of antioxidants, free radical terminators, work by neutralizing 
free radicals without destabilizing themselves. This category of antioxidants includes 
compounds such as vitamin E (tocopherols), rosemary extracts, butylated hydroxyanisole 
(BHA), and butylated hydroxytoluene (BHT). 
Although plants have evolved to the point of developing their own protection against 
oxidation, animals do not posses similar mechanisms. Animals can acquire antioxidants by 
consuming plants or through dietary supplementation. Animals then rearrange those 
antioxidants into metabolic pools where they are used to defend against the effects of these 
highly reactive oxygen molecules (Best 1998). 
Products from animals can also be fortified post-mortem with a variety of substances 
that retard oxidation. The concept of fortifying animal products is not new in the United 
States. In 194 7, butylated hydroxyanisole (BHA) was being added to lard to stabilize fats. 
Common antioxidants that are used in the meat industry include tertiary butylated 
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hydroquinone (TBHQ), butylated hydroxyanisole (BHA), and butylated hydroxytoluene 
(BHT), and propyl gallate. 
Of recent interest is the use of substances such as rosemary derivatives and forms of 
vitamin E. These compounds have shown promise as antioxidants while portraying a 
"cleaner" or "natural" label that today's consumer desires. 
Vitamin E 
Vitamin E is a term that is commonly used for a group of compounds that exhibit 
vitamin activity similar to that of alpha-tocopherol vitamin activity. Vitamin E is a generic 
designation consisting of several tocols and their corresponding tocotrienols. These two 
categories of vitamin E are very similar in structure, the difference being that the tocotrienols 
have additional double bonds located on their side chains. The additional 3 double bonds 
greatly effect the vitamin E activity of tocotrienols. 
Tocopherols are formed from the parent category oftocols. The tocopherols are 
designated by the prefixes alpha, beta, gamma, or delta. These prefixes correspond to the 
number and position of methyl groups on the ring structure. Of these 8 compounds, alpha-
tocopherol has the greatest biological activity and therefore alpha-tocopherol and vitamin E 
are terms that are commonly interchanged when used in the literature. 
Vitamin E ( or alpha-tocopherol) has recently gained attention for its use as a animal 
dietary supplement for preserving and improving color of meat and meat products (Buckley 
and others 1995; Cannon and others 1995) although its .attributes were already being reported 
in the early 1920's. Evans and Bishop (1922) noted that laboratory rats were unable to 
reproduce when fed diets of rancid lard. If lettuce or whole wheat was added, the rats were 
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able to again reproduce. Later, Evans discovered that wheat germ oil also contained the same 
vitamin properties of wheat. Evans adopted the letter E to designate the vitamin "factors" 
since it followed a recognized vitamin designated D. In 1938, the structure of alpha-
tocopherol was determined and soon after, it was synthesized. 
Vitamin E falls into two classifications: natural or synthetic. The letters d or dl 
distinguishes natural and synthetic forms respectively. The natural form ( d) is the most 
potent for biological activity while the common synthetic form, dl-alpha-tocopherol acetate, 
has 77% of natural tocopherol's activity on an equal weight basis (Weiser and Vecchi 1982). 
For this reason, care should be taken when substituting one for the other. 
The natural form of alpha-tocopherol can be found in vegetable oils, wheat germ, 
nuts, and whole grains. Wheat germ oil is the greatest source of natural vitamin E. Vitamin 
Eis an essential nutrient for animals because of the body's inability to produce it. Foods of 
animal origin generally have very low amounts of vitamin E and the only significant source is 
through the ingestion of plant materials. 
The synthetic form of vitamin E is isolated from a mixture of tocopherols through 
various distillation and methylation procedures. Since it is not produced without extensive 
chemical processes, it cannot be labeled as "natural" but only as "derived from natural 
sources''. 
Although the two forms of.vitamin E are 9ifferent in activity, their physical properties 
are similar. Both natural and synthetic forms are relatively viscous liquids and colorless-to-
pale-yellow. Alpha-tocopherols are insoluble in water due to their non-polar nature. They 
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are, however, almost completely soluble in oil, acetone, alcohol, or other fat non-polar 
solvents. 
Tocopherols, by nature, are not very stable and degradation can occur through 
exposure to heat, light, oxygen, or irradiation (Fox and others 1997). Natural and synthetic 
forms of tocopherols are often used in the acetate forms because of their improved stability. 
Non-acetate forms of tocopherols are not very stabile and losses can occur when exposed to 
heat or oxygen. Both natural and synthetic forms of alpha-tocopherol acetate are 
commercially available as oils, adsorbates, or beadlets. 
Of the many properties associated with vitamin E, its antioxidant effects pose the 
greatest benefit to the meat industry. Vitamin E can be incorporated into meat by two means: 
post-mortem addition or through dietary supplementation of animals. 
When vitamin E is directly added to meat for an antioxidant purpose, the alpha-
tocopherol acetate form is most often used. Using the acetate form means that an ester has 
replaced the phenolic hydrogen atom normally present on alpha-tocopherol. Since it is this 
phenolic hydrogen that is responsible for antioxidant properties, results of these efforts to 
increase lipid stability have been inconclusive. Addition of vitamin E as a post-mortem 
antioxidant has been, at best, variable in effectiveness for inhibiting lipid oxidation in meat 
products (Benedict and others 197 5; Chen and others 1984) 
In dietary supplements, the alpha-tocopherol' s acetate ester is cleaved enzymatically 
during digestion (Gregory 1996). With its phenolic hydrogen now free, the tocopherol is able 
to quench free radicals involved in oxidative reactions. Numerous studies have shown the 
increased stability of lipids when vitamin Eis added to the diets of pigs (Hvidsten and Astrup 
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1963; Buckley and Connolly 1980; Monahan and others 1992a; Lanari and others 1995; 
Cannon and others 1996; Dirinck and others 1996) and beef (Faustman and others 1989; 
Mitsumoto and others 1993; Lavelle and others 1995). 
Supplementing the diets of pigs with alpha-tocopherol acetate has been shown to 
elevate alpha-tocopherol muscle concentrations (Cannon and others 1995; Buckley and others 
1995). Dietary supplements in broilers have also shown increased alpha-tocopherol 
concentrations in the corresponding cellular membranes of poultry (Lin and others 1989). 
The alpha-tocopherol in the diets of these animals is probably preferentially incorporated into 
the plasma membranes of the mitochondria and microsomes, where it is particularly effective 
for stabilizing phospholipids (Arnold and others 1993). 
Processes commonly used in the meat industry such as chopping, grinding, and 
flaking disrupt these cellular membranes and phospholipids. It is this disruption that exposes 
the cellular membranes and phospholipids to oxygen, heme pigments, enzymes, and metal 
ions. The exposure of the phospholipids to these compounds will cause rapid degradation 
due to oxidation (Sata and Hegarty 1971; Higley and others 1986; Asghar and others 1988). 
Oxidation of these membrane lipids has been shown to contribute to lipid oxidation in meats 
(Pikul and others 1984) and is often viewed as the starting point for oxidation in meat. By 
increasing the alpha-tocopherol content in the membranes, the antioxidant is located where it 
is needed most and thus the lipid fraction of muscle is found to be less susceptible to 
oxidation during subsequent storage (Monahan_and others 1990, 1992b ). 
The process by which alpha-tocopherol retards oxidation is a result of radical 
quenching. The same oxidative processes that attack lipids can also produce free radical 
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products. When free radicals react with the plasma membranes the reaction is frequently 
referred to as peroxidation. These peroxidations cause a shift in the double bonds that 
maintain molecule structure. The change in the structure results in an increased rigidity and it 
is this increased rigidity along with processing procedures that eventually lead to rupture of 
cell membranes and increased oxidation. 
The alpha-tocopherol found in the muscle membrane acts as an antioxidant by 
donating an electron to the lipid free radical, thus breaking the lipid free-radical chain. Since 
the alpha-tocopherol has donated an electron to the lipid radical, the tocopherol becomes a 
free radical itself. The tocopherol radical (tocopheroxyls) eventually is reduced back to 
normal alpha-tocopherol by reduced glutathione and ascorbic acid. The oxidized ascorbate is 
enzymatically reduced back to ascorbate through an NADH-dependant system. This 
mechanism allows the continuous regeneration of most of the tocopherol (Machlin 1995). 
Sufficient amounts of vitamin E inhibit in vivo autoxidation of fats, but eventually vitamin E 
is partially destroyed in the process (Dam 1962). Alpha-tocopherol commonly quenches any 
of the three types of radicals: singlet oxygen (LO} peroxyl radicals (LOO} or hydroxyl 
radicals (HO} Alpha-tocopherol, for example, deactivates about 120 singlet oxygen radicals 
before being destroyed by chemical reactions (Fahrenholtz and others 197 4 ). 
Studies have shown increased meat color stability as a result of elevated levels of 
alpha-tocopherol levels in diets of swine. Lanari_and others (1995) reported vitamin E 
improved muscle color stability during display in air or modified atmosphere when stored 
under illumination. This agrees with work done by Asghar and others ( 1989). 
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Studies with beef have shown similar increases in color stability. Faustman and 
others (1989) attributed the change to increased pigment stability because the meat from 
vitamin E-supplemented cattle was more stable to lipid oxidation. 
Lavelle and others (1995) evaluated the effectiveness of vitamin E supplementation 
through a sensory panel. Based on panel scores, increased vitamin E supplementation 
resulted in increased display color stability. Still, relatively little work has been done on 
other sensory evaluations of meat from vitamin E supplemented animals. Initial experiments 
on beef have shown prolonged flavor freshness and positive influences in the areas of 
tenderness and juiciness (Dirinck and others 1996). 
Vitamin E looks promising to the meat industry because of it's antioxidant properties 
and ability to improve color stability, but additional work needs to be done to determine 
vitamin E's full effects on meat and meat products, particularly in conjunction with pro-
oxidant processes such as the grinding and irradiation of meat. 
Rosemary oleoresin 
The use of synthetic antioxidants, such as butylated hydroxyanisole (BHA) and 
butylated hydroxytoluene (BHT) is quite common in foods that contain lipids. Although 
these compounds can be effective in retarding lipid oxidation, their chemical names may 
scare away potential customers. Discovering the capabilities of rosemary-derived 
antioxidants (Barbut and others 1985) have allowed food manufacturers to produce friendlier 
labels that appeal to today's consumers who demand "natural" foods. 
Many spices contain compounds that display antioxidant properties i.e. oregano, 
ginger, cinnamon, thyme, and rosemary. Rosemary is commonly added to red meat and 
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poultry products because its flavor profile and the "label appeal" lends itself well to the many 
applications. Rosemary compounds and extracts are also added specifically for antioxidant 
properties (Ohr 1998). 
Rosemary's antioxidant properties have been attributed to a category of chemical 
compounds called phenolics. The phenolic substances neutralize lipid oxidation reactions by 
hydrogen atom donation. This donation causes the phenolic compound to become unstable, 
but the ring structure of the phenol remains more stable than the free radical it neutralized. 
There are a wide variety of phenolic substances found in rosemary. Two particular 
phenolics, rosmariquinone and rosmaridiphenol, were studied and shown to convey 
antioxidant properties greater than BHA and similar to BHT (Houlihan and others 1985). In 
a study utilizing pork (Korczak and others 1988), rosemary was added to precooked minced 
meat and then stored under refrigerated and frozen conditions. This study showed a reduced 
lipid oxidation rate over the 16-day storage period as a result of the strong antioxidant 
activity exhibited by rosemary. 
The antioxidant effects of rosemary can be obtained by adding the native form of the 
spice or by addition of extract. Extracts come in several different forms, each with specific 
applications. Many rosemary extracts may have strong odor and flavor characteristics 
associated with them. If a particular food product does not lend itself to these odors or 
flavors, extracts can be obtained that have been deodorized or have low flavor attributes. 
These rosemary extracts can be also be obtained in either water-based or oil-based forms. 
One particular type of spice extract is oleoresin. Oleoresin is the material isolated 
through the solvent extraction of essential oils from a raw spice (i.e. rosemary). Advantages 
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of using oleoresins in food applications include adjustment of flavor strength, elimination of 
mold, and removal of visible particulate matter. 
Rosemary oleoresin has been shown to be effective in retarding lipid oxidation. 
Barbut and others (1985) showed that rosemary oleoresin was as effective as a commercial 
blend of BHA \BHT\citric acid in suppressing lipid oxidation in turkey sausage. Further 
studies were done with poultry (Resurreccion and Reynolds 1990) in which vacuum-packed 
chicken frankfurters were stored for 35 days with various antioxidant treatments. 
Frankfurters treated with rosemary oleoresin showed antioxidant activity that was as effective 
asBHA\BHT. 
Korczak and others (1988) reported that precooked pork meatballs that contained 
rosemary did not show flavor changes or oxidation after 48 hours at 4°C. The pork balls 
without rosemary ( control) formed stale flavors under the same conditions. Studies on frozen 
pork sausage showed rosemary extract to be as effective as a combination of BHT /propyl 
gallate/citric acid in retarding lipid oxidation. The BHT/propyl gallate/citric acid treatment, 
however, showed superior ability to decrease surface discoloration in pork sausage (Ho and 
others 1995). Work done on frozen restructured beef steak by Stoick and others (1989) 
showed that as rosemary oleoresin concentration was increased, the oxidative stability of the 
steaks also increased. 
In a study of restructured pork (Liu and others 1992) produced with either sodium 
tripolyphosphate or sodium tripolyphosphate/rosemary oleoresin, TBA results indicated no 
additional antioxidant properties associated with the addition of the rosemary extract. 
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Further studies need to be done to evaluate the individual antioxidant effects as well as any 
synergistic effects of rosemary when used in combination with other antioxidants. 
Sodium erythorbate 
Erythorbic acid is an isomer of ascorbic acid (vitamin C), however, it does not have 
the identical biological activity. Erythorbic acid is commonly used in the meat industry as a 
salt, sodium erythorbate. By having strong reducing capabilities, sodium erythorbate acts as 
an oxygen scavenger and thus reduces molecular oxygen. Due to the chemical structure, 
erythorbate is more stable under slightly acidic rather than neutral conditions. Ground meat, 
having a pH range of typically 5.6-5.8, would lend itself well to the use of erythorbate. 
Sodium erythorbate is utilized in the processed meat industry as a cure accelerator. In 
these particular meat products, sodium erythorbate is used to reduce nitrite to nitric oxide. 
The presence of this salt results in the increased rates of nitrite disappearance from cured 
meats (Abu-Bakar and others 1989). 
Nitrite reduction is not the only function of sodium erythorbate. This compound also 
has a significant effect on long-term color of meat. A study involving turkey franks showed 
that sodium erythorbate stabilized color over a 70-day storage period (Wesley and others 
1982). In an experiment involving ground beef, a brighter, redder ground beef was 
maintained 1-3 days longer with sodium erythorbate, than control beef which contained no 
sodium erythorbate (Manu-Tawiah and others 1991). 
Along with sodium erythorbate's color maintenance properties, reduction in 
thiobarbituric acid (TBARS) values, which measure rancidity, has been noted in several 
experiments. In a study done by Manu-Tawaih and others (1991) sodium erythorbate did not 
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reduce TBARS values significantly, but all non-sodium erythorbate beef samples were 
consistently higher than those samples treated with sodium erythorbate. Similar decreases of 
TBARS values in turkey franks with added sodium erythorbate were reported (Wesley and 
others 1982). In one particular treatment, the turkey franks contained no nitrite ( a strong 
antioxidant), but included sodium erythorbate. The resulting product showed reduction in 
rancidity development over a 70-day period. When sodium erythorbate was used in turkey 
hams, TBARS test results also indicated reduced development of rancidity (Hasiak and others 
1984). 
There is, however, one potential problem with the use of sodium erythorbate in fresh 
meat. Sodium erythorbate may "mask" discoloration due to microbial growth and this may 
impose a food safety concern. While sodium erythorbate possesses color maintenance 
properties, the microbial counts of meat may be relatively unaffected. 
Very little data exists on the use of sodium erythorbate in conjunction with ionizing 
energy. If sodium erythorbate's color maintenance properties were coupled with ionizing 
energy's microbial effects, a product with improved color and decreased microbial counts 
could be produced. The resulting product would be esthetically pleasing and 
microbiologically safe. 
Packaging of Meat 
Fresh red meats are highly perishable and biologically active, utilizing oxygen and 
emitting carbon dioxide. Even under carefully refrigerated conditions, shelf life of meat is 
limited. However, the use of different packaging methods permits shelf life to be extended 
for significant time periods. 
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Packaging itself has many functions, some of which include containment of the food, 
attracting attention, or simply preserving the food inside the package (Bureau and Multon 
1996). The most important purpose of packaging is to protect the enclosed product from 
microbial and chemical contaminants. Even with refrigeration and packaging to reduce 
microbial activity and moisture loss, the shelf life of fresh meat is relatively short. One 
example of how packaging is being used to extend shelf life is by using atmospheres that 
contain bacteriostatic gases (i.e. CO2) within the package. 
Recent investigations have focused attention on the role of packaging in food 
preservation. There are numerous packaging methods and materials, but some of the greatest 
advancements have taken place through the use of plastic films. Plastic is a generic term that 
refers to a wide range of polymers that vary in physical characteristics. Examples of plastics 
include polystyrene (PS), polyvinyl chloride (PVC), and polyacrylonitrile (PAN). Plastics 
can be different in such areas as molecular length, degree of crystallinity, pigments, etc. 
A major reason for plastic's popularity include a wide range of controllable physical 
and barrier properties (Cage 1991). Plastic has lent itself well to the meat industry because of 
the ability to regulate oxygen and moisture permeability thus allowing greater control of 
changes relating to color and lipid composition. 
Aerobic packaging 
Aerobic packaging methods are those that permit the transmission of oxygen to and 
from the package. If beef, pork, or lamb is packaged in high-oxygen-permeable film, such as 
polyvinyl chloride, color is usually superior but the growth of spoilage microbial populations 
is only slightly inhibited (Dainty 1983). These damaging microbe populations are often of 
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the Pseudomonas species. Pseudomonas is a group of microorganisms that grow well in 
refrigerated temperature (34°-38°F) and high-oxygen environments. Pseudomonas sp. is 
often responsible for off-odors and green colors associated with spoiled meat. 
Aerobic packaging is typically often used to maximize fresh meat color desirability. 
By definition, an aerobic package allows oxygen to flow through the packaging material. 
Development of oxymyoglobin color (bright cherry red) is dependent on oxygenation of 
myoglobin, which can be achieved with highly permeable packaging films. In most 
supermarkets, fresh meat is exposed to oxygen for this color formation. Red color is desired 
by customers because of its association with a high degree of quality in fresh meat (Naumann 
and others 1957). The bright red oxymyoglobin color has a limited life and when sufficient 
amounts of metmyoglobin is formed, color deteriorates to brown, a change which usually 
occurs in 2 to 4 days (Sacharow and Griffin 1980). 
Vacuum packaging 
Vacuum packaging is a common way to package fresh meat in order to extend shelf 
life. Vacuum packaging provides a controlled barrier with limited permeability to both 
moisture and oxygen. These barriers shield fresh meat from growth of various 
microorganisms responsible for spoilage. 
Research with vacuum-packed beef demonstrated a clear relationship between oxygen 
permeability of the packaging material and product shelflife (Newton and Rigg 1979). 
Vacuum packaged beef that was placed in a high-oxygen-permeable bags (920 ml/m2/24hr) 
had a shelf life of 2-4 weeks. Beef samples that were placed in low-oxygen-permeable bags 
(0 ml/m2/24hr bags) had a shelf life that was greater then 15 weeks. By creating an anaerobic 
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environment, the aerobic microorganism population was suppressed. The resulting 
environment thus becomes susceptible to anaerobes such as lactic acid bacteria. However, 
lactic acid bacteria are less capable of product deterioration when compared to their aerobic 
counterpart, Pseudomonas sp. This likely due to the fact that lactic acid bacteria grow more 
slowly and do not produce odors and flavors to the same extent as the Pseudomonas sp. 
While vacuum packaging has the capability of extending shelf life, product color will 
be effected. Because of the lack of oxygen, myoglobin will be present in reduced form, 
which is dark or purplish-red in color. Large pieces of meat which are intended for food 
service or further processing are often vacuum-packed, but this may not be aesthetically 
pleasing to the consumer at a retail level. Although this packaging method does effect 
product color, there is little further deterioration of quality (Renerre 1990). When vacuum 
packaged meat is exposed to oxygen, it quickly blooms and turns to a desirable bright red 
color. 
Oxygen absorbers 
In foods that are preserved through the use of ionizing radiation, both oxygen 
surrounding the product and oxygen dissolved within the foodstuff are subject to activation 
by ionizing radiation (Lee and others 1995). Such activation can result in the formation of 
ozone (03). Ozone is a very powerful oxidant and when put in contact with food has the 
potential to change quality attributes such as color, texture, taste and odor (Thakur and Singh 
1995). 
One way to decrease the effect of oxygen during irradiation is to employ specific 
packaging techniques that reduce or eliminate oxygen (Fu and others 1995; Luchsinger and 
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others 1996; Kolsarici and Kimca 1995). Two specific means of reducing oxygen in food 
packages is to use vacuum or modified atmosphere systems. 
Vacuum packaging significantly reduces the oxygen content surrounding the 
foodstuff, but oxygen dissolved in the product may remain. Gas flushing methods replaces 
ordinary air with gases such as nitrogen and carbon dioxide, but again residual oxygen may 
be present within the product. It is very difficult to remove 100 percent of the oxygen from 
the package headspace and residual oxygen even occurs in products that are packaged using 
gas flush or vacuum methods (Sorheim and others 1996). This excess oxygen is especially 
true of ground meat products where oxygen is mixed into the product during the grinding 
process. It is this residual oxygen left in the packages that can eventually cause product 
discoloration and/or lipid oxidation. 
One way to decrease the amount residual package oxygen is through the use of 
oxygen absorbers. Oxygen absorbers are most generally used in conjunction with vacuum or 
modified packaging techniques. Oxygen absorbers are found in many forms. The most 
common type of oxygen absorber is a small packet that is placed in a package along with the 
food product. The oxygen absorbers used for fresh meat applications may have 
characteristics such as an oil resistant covering that permits oxygen and water transmission at 
low temperature Approved oxygen absorbers chemically consume residual oxygen without 
changing the composition of the food. 
The chemical process by which many oxygen absorbers work is a fairly simple one. 
Finely powdered iron is placed inside the packets. Upon exposure to oxygen the iron forms 
an iron oxide or rust. The chemical reaction occurring within the packet is: 
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4Fe + 302 + 6H20- 4Fe(OH)3 
This chemical reaction binds the oxygen in an oxide form within the packet. As long 
as the iron oxide is sealed inside a packet, no iron oxide is allowed to come in contact with 
the food. The oxygen absorbers react without causing discoloration, decomposition, or 
deterioration to the foodstuff. 
One criticism of oxygen absorbers is their rate of oxygen absorption. The absorbing 
capacity of a specific packet varies with many factors such as the volume of oxygen in the 
atmosphere and temperature of the environment. The rate of this reaction may be relatively 
slow when compared to the rate of color change in meat products. The change in meat color 
may occur before the packet can eliminate package oxygen content. Gill and McGinnis 
(1995) studied use of oxygen absorbers to prevent discoloration on ground beef. Results 
suggested the use of multiple packets in order to accelerate oxygen absorption and 
consistently prevent beef discoloration. 
When used in conjunction with oxygen impermeable films, oxygen absorbers create 
an environment that is oxygen-free. While oxygen-free environments may be desired for 
color and lipid oxidation purposes, anaerobic organisms such as C. botulinum could become 
a concern (Labuza 1987). In order to remedy this microbial problem, irradiation could be 
used in combination with oxygen absorbers. Once the product is packaged with an oxygen 
absorber, exposure to irradiation could decrease any residual harmful microbial populations 
with minimum chance of recontamination. 
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Comparison of various packaging methods 
There are many factors to be considered when selecting the type of packaging method 
to be used. A primary consideration for fresh meat is obviously oxygen availability. The 
amount of oxygen that permeates into the package requires a "compromise" between 
development of ideal color and prevention of deterioration by oxygen-dependant reactions 
(Sacharow and Griffin 1980). 
While oxygen may be needed for bloom in all red meats, vacuum packaging of pork 
results in less color change than beef. Because oxygen is also responsible for fat rancidity, 
pork lends itself well to vacuum packaging. 
Work done by Chiang and Anderson ( 1979) compared several packaging treatments 
to determine packaging effect on stability of pork patties. Processing techniques (hot boning 
vs. chilled meat), seasoning, and packaging environment (vacuum vs. oxygen permeable) 
were assessed. Although there were many treatments, the samples with the lowest lipid 
oxidation values (measured by TBARS analysis) had one thing in common: vacuum 
packaging. These results agree with similar work done with ground pork. Exclusion of 
oxygen during frozen storage appeared to preserve the quality of pork on a lipid oxidation 
basis (Brewer and others 1992). 
Pork is often distributed commercially in food service channels under vacuum 
conditions. One problem that can occur with vac~um packaged meat is the development of 
off-odors. Studies have been done to simulate wholesale storage and distribution of pork 
products in order to evaluate production of off-odors. 
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Sorheim and others (1996) did such work with pork loins to determine the effects of 
vacuum packaging. The experiment was -designed to evaluate two time periods. The first 
time period was a "holding" period in which pork loins were placed in a variety of gas 
environments that included different mixtures of carbon dioxide, nitrogen, and oxygen. After 
the holding period of 22 days, the loins were fabricated into retail chops. These chops were 
put into aerobic packages and placed into refrigerated display cases in order to simulate a 
supermarket setting. After 3 days of simulated retail display, pork chops were evaluated for 
off-odors by a sensory panel. Results indicated that the vacuum treatment had the one of the 
highest off-odor scores when compared to other holding treatments. The treatment that was 
gas-flushed using 100% carbon dioxide showed the lowest off-odors. 
Although the use of oxygen absorbers is not new, relatively little work has been done 
on utilizing them for fresh meats, particularly fresh ground pork. Sorheim and others (1996) 
investigated use of oxygen absorbers in conjunction with modified atmosphere packaging of 
pork loins. Analysis ofheadspace gas immediately after packaging indicated that packages 
designated 0% oxygen actually contained 1 % oxygen. The initial 3 days of storage with 
oxygen absorbers was sufficient to reduce the oxygen content to 0%. After 12 days of 
storage, color evaluation of pork loins showed gray discoloration in packages with 1, 2.8, and 
4.0 percent oxygen. The 0 percent oxygen package treatment did not show discoloration until 
after six weeks. 
Summary/Research needs 
For many years the meat industry has been relatively successful employing 
conventional preservation techniques in order to preserve and protect the food that consumers 
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eat. With the increased attention given to food safety, processing and packaging procedures 
are becoming more important than ever to the meat industry. 
Currently fresh meat utilizes a wide variety of preservation methods. The primary 
preservation technique most often focuses on packaging. Modifications to packaging, such 
as vacuum or modified atmosphere systems, have allowed the meat industry to do many 
things like extending shelf life while maximizing product appearance. 
Preservation of meat has also employed the use of literally dozens of compounds in 
order to maximize quality and ensure safety. One of the most important categories of 
compounds have been antioxidants. Different antioxidants can provide a wide range of 
characteristics and properties that make them suitable for a given situation. Antioxidants are 
used for many different products in the meat industry such as fresh sausage, dried sausage, 
and uncured, cooked products to maintain color and retard lipid oxidation. 
Many recent studies have focused on the use of irradiation as a way of combating 
harmful microorganisms. While, in many cases, this process has proved successful from a 
food safety standpoint, further research needs to be done to understand and control color or 
oxidative changes that have been observed when foods are processed in such a manner. 
Common preservation methods, such as packaging and antioxidants, could be used in 
combination with irradiation in order to maximize the potential of this process. The 
following study was done with the hypothesis that a combination of packaging, antioxidant, 
and irradiation treatments could be found that would provide both preservation and 
maximum quality retention of fresh ground pork. 
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Abstract 
Ground pork was irradiated (3.0 kGy) in combination with various packaging and 
antioxidant treatments in attempt to minimize irradiation effects on color and oxidation. 
Antioxidant treatments included dietary vitamin E, rosemary oleoresin, or sodium 
erythorbate. Packaging treatments during irradiation included aerobic, vacuum, or vacuum 
with oxygen absorbers. Product evaluations included oxidation (TBARS values), color (CIE 
L *, a*, b*), and sensory attributes. Rosemary oleoresin lowered (p~0.05) TBARS values, 
and, and with vacuum packaging, increased the a* (redness) of irradiated ground pork. 
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Sodium erythorbate resulted in greater TBARS under aerobic conditions, but not under 
vacuum. No significant effects were observed for vitamin E. 
Introduction 
Meat and meat products have a relatively short shelf life when compared to many 
other categories of foods. As a result of its composition, meat is a highly perishable food 
product that is susceptible to quality deterioration by both microbiological and chemical 
means. Ground meat, in particular, is subject to deterioration because the grinding process 
liberates catalytic compounds and incorporates oxygen, both of which are responsible for 
accelerated product degradation. 
Chemical deterioration of meat is often associated with oxidation and/or color loss. 
Color influences the consumer's perception of overall meat quality and is often used as a 
gauge of its microbial status. Loss of meat color is commonly viewed as an indication that 
product is reaching the end of its storage life (Miller 1994). 
The purpose of many food preservation techniques is to slow the chemical processes 
that lead to quality changes. Antioxidants are one such tool that is used to improve the color 
stability of meat and meat products. A great deal of research has been done to evaluate 
antioxidants and their functions in meat and food systems. 
Alpha-tocopherol is a relatively new antioxidant that has been shown to increase a 
variety of quality attributes of fresh meat. Studies done by Asghar and others ( 1989) as well 
as Lanari and others ( 1995) reported that elevated levels. of alpha-tocopherol in diets of swine 
resulted in increased color stability of pork. This dietary supplementation for swine has also 
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been reported to result in increased lipid stability of fresh meat (Cannon and others 1996; 
Dirinck and others 1996). 
Sodium erythorbate is another antioxidant that has been investigated for its color 
maintenance properties in meat products. By employing erythorbate, Manu-Tawiah and 
others (1991) showed that color life of ground beef could be extended by approximately five 
days. Along with its contribution to color stability, sodium erythorbate has shown potential to 
improve the lipid stability of meat. Wesley and others (1982) investigated the use of sodium 
erythorbate in turkey franks. In trials that contained no sodium nitrite, reduced oxidation of 
frankfurters with erythorbate was noted. 
Rosemary, a commonly used spice, has shown promise as a oxidant for meat 
applications. While rosemary has been commonly added to foods for it's flavoring aspect, 
many studies have shown that this spice possesses significant antioxidant properties. Studies 
by Houlihan and others (1985) indicated that rosemary contained a wide variety of phenolic 
compounds. This study also revealed that two particular phenolics from rosemary yielded 
antioxidant properties greater than butylated hydroxyanisole (BHA) and similar to that of 
butylated hydroxytoluene (BHT). Because today's consumers have become more aware than 
ever about what they eat, a near-frenzy over "natural" foods has occurred. Rosemary has 
significant marketing potential as a "natural" antioxidant as opposed to synthetics such as 
BHAandBHT. 
While antioxidants are effective in extending the color shelflife of meat products, the 
microbial counts may be relatively unaffected. This situation can produce a potential 
problem. Although the color life of a product may be extended, a "masking" of microbial 
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contamination may take place and this could pose a significant food safety concern. The 
microbiological implications for shelf life and safety must both be considered before any 
commercialization of antioxidant treated fresh meat products can be approved. 
Specific environmental modifications can also be utilized to preserve food products. 
Successful preservation techniques can include changes in temperature, atmospheric 
modifications, and salt concentration as well as many other variables. Specific methods of 
packaging have been shown to be effective in delaying or eliminating problems related to 
deterioration of food products. Many packaging methods and materials (i.e. vacuum, oxygen 
absorbers, etc.) have become common in the food industry because of their effectiveness in 
preserving food from both chemical and microbiological standpoints. Another preservation 
technique that has been effective in decreasing or eliminating harmful microorganisms has 
been irradiation. 
Foodborne illnesses in the United States annually affect 6 to 80 million people, cause 
9,000 deaths, and cost an estimated 5 billion dollars (CAST 1994). Due to these large 
numbers, a great deal of recent research has focused on irradiation for the control or 
elimination of harmful microorganisms with irradiation. Irradiation has been shown to 
provide a major means of achieving microbial control(Katta and others 1991; Thayer and 
others 1990; Thayer and Boyd 1994 ). 
While the first applications of food preservation through irradiation are not clear, 
recent outbreaks of food-borne illness in the meat industry have sparked an increased interest 
in this process for meat applications. Harmful pathogens, such as Escherichia coli 0157: H7 
and Listeria monocytogenes, have received widespread media attention for cases involving 
50 
commercial products from Jack-in-the-Box (Glamser and Hoversten 1993), Hudson Foods 
(Manning and Peterson 1997), and Bil-Mar (Anklam 1999). In addition to control of the 
pathogenic organisms, irradiation may be used to effectively reduce those microorganisms 
that are responsible for spoilage (Labepe and others 1990; Fu and others 1995). 
Food irradiation has been shown to be a valuable tool for controlling microorganisms, 
but there are indications that irradiation of meat products may cause quality changes relating 
to color and lipid stability (Lee and others 1996). By employing specific 
preservation/processing techniques in conjunction with irradiation, such as antioxidants and 
packaging methods, the quality changes induced by irradiation may be reduced or eliminated. 
The use of antioxidants in conjunction with irradiation, for example, has the potential to 
significantly increase the shelf life of fresh meat without compromising food quality and 
safety. 
The objective of this study was to evaluate the effects of irradiation, packaging 
conditions, and antioxidants for improving the quality of refrigerated ground pork. The 
hypothesis proposed was that a combination of packaging conditions and antioxidants would 
prevent or reduce the quality changes sometimes observed in irradiated fresh ground pork. 
Preparation of samples 
Acquisition of meat 
Materials and Methods 
Two different methods of antioxidant incorporation were used for the meat batches in 
this study: post-mortem addition to the meat, or dietary supplementation to live animal diets. 
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Preparation of the base meat block depended upon which type of antioxidant incorporation 
method was used. 
All samples to which antioxidants (rosemary oleoresin and sodium erythorbate) were 
added post-mortem were prepared in the following manner; raw fresh pork shoulders were 
purchased from a commercial packing plant for each of 2 replications. The shoulders were 
then de-boned and trimmed at the Iowa State University meat laboratory, resulting 
approximately 80% lean pork. 
The third antioxidant treatment, vitamin E, was added to the meat through dietary 
supplementation. Two groups of swine (four animals in each of two replications, eight in 
total) were acquired from Iowa State University Swine Nutrition Farm. Two pigs of each 
group were fed a control diet; two were fed a vitamin E-supplemented diet. The vitamin E 
used was a dl-a-tocopherol acetate in liquid form (Roche Vitamins and Fine Chemicals, 
Belvidere, NJ - Code 60526). The two diets in each replication were identical except that 
vitamin E-supplemented diets contained an additional 600 IU/day of alpha-tocopherol acetate 
for 42 days prior to slaughter (Schaefer 1997). 
The four swine used in each experimental replication were slaughtered at an average 
weight of 106 kg. The chilled carcasses were de-boned at the Iowa State University meat 
laboratory and fabricated into 80% pork trim. All meat materials was held at 2°C± 1 °C prior 
to further processing. 
Antioxidant concentrations 
Two antioxidants, rosemary oleoresin and sodium erythorbate, were added to the 
chilled coarse-ground pork obtained from the pork shoulders. Rosemary oleoresin (Heller 
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Seasonings, Bedford Park, Ill. Code #11296) was added at a concentration of 0.05% and 
sodium erythorbate (A.C. Legg Packing Co., Birmingham, AL.)was added at a concentration 
of 0.08%. Addition of the antioxidants was on a total meat weight basis. 
Two outside laboratories were used to confirm that desired levels were obtained in 
feed and animal tissue. (Woodsen-Tenent Laboratories, Des Moines, IA and the University of 
Wisconsin- Soil and Plant Analysis Lab, Madison, WI.) 
Analysis of rations indicated that the control (non-supplemented) group of swine 
received 23 mg of vitamin E per kg of ration. Levels of vitamin E in supplemented diets had 
a mean measured level of 608 mg/ 1 kg of ration. Analysis of tissue indicated approximately 
a 10 fold increase in concentration of vitamin E when comparing the controls (1.5 mg I kg 
meat) to supplemented animals (10.6 mg I kg meat). 
Processing and packaging 
After the 80% lean pork trim was acquired, each individual meat batch ( 114 kg. per 
batch) was coarse ground through a 1.9 cm plate . Rosemary oleoresin or sodium erythorbate 
was then added to the appropriate batches. Each individual batch was then mixed for 4 
minutes in a paddle-type mixer (Biro Model DFE 200DA, Marblehead, Ohio) before being 
ground through a 0.32 cm plate (Biro grinder, Model 7552). The meat was then formed into 
patties ( 114-gram average) using a Hollymatic patty machine (Model 518), and then placed 
on trays (4 patties per tray). Controls treatments (without antioxidants) were processed prior 
to the antioxidant treatments to avoid contamination from equipment. 
Both control (C) and antioxidant-treated (A) samples were assigned to one of three 
different packaging groups before further processing. The three groups consisted of either a 
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highly oxygen-permeable overwrap (0) film (AEP Industries 21,686 cc/m2/24 hrs.), a low 
oxygen-permeable vacuum (V) bag (Viskase 17 cc/m2/24 hrs.) or a low-oxygen permeable 
vacuum bag with an oxygen absorber (Vab) (Viskase 17 cc/m2/24 hrs. and Ageless TM SS-200, 
Mitsubishi Gas Chemical Company, New York, NY). The above mentioned packaging 
conditions were utilized for all the samples during irradiation treatment. Non-irradiated 
control samples were handled and packaged in the same manner as the irradiated treated 
samples. 
Irradiation and subsequent storage 
After packaging, each of the antioxidant/packaging treatment batches were split into 
two groups for irradiation (I) and non-irradiated ( control) samples. The irradiated patties 
were processed at the Iowa State University Linear Accelerator facility using a linear electron 
accelerator (MeV Industrie S.A., Jouy-en-Josas, Cedex, France). The patties were exposed to 
a 10 Me V electron beam at an average dose rate of 99 .25 kGy/m/min . Patties were stacked 2 
per layer with a total thickness of approximately 2.5 cm per stack. Recommended dose level 
for the experiment was 3.0 kGy (Nanke 1997). Absorbed surface doses were determined 
using alanine pellet-based dosimeters. The average absorbed dose was~ 2.98 kGy (High 3.2 
kGy, Low 2.6 kGy). 
All samples that were placed in low oxygen-permeable vacuum bags for irradiation 
(V or Vab) were repackaged in oxygen-permeable film after irradiation. These samples were 
removed from the low oxygen-permeable vacuum bags and repackaged using the high 
oxygen-permeable overwrap to simulate retail display conditions. The samples that 
contained oxygen absorbers during irradiation were also repackaged using the high oxygen-
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permeable ovetwrap and the oxygen absorber was removed. Samples that were irradiated in 
the high-oxygen permeable ovetwrap remained in those packages for the storage period. 
Once the samples were repackaged in high oxygen-permeable ovetwrap film, they were then 
stored for 0-14 days at 2°C±l °C under lighted conditions (fluorescent) in order to simulate 
retail conditions. 
Sample analysis 
Color analysis 
Two patties from each treatment and control group were evaluated for color using a 
Hunterlab Labscan instrument (Model LS 5100). The CIE L*a*b* system was used (L* = 
lightness, a*= redness, and b* = yellowness). Illuminant A/10° was used with a 4.4 cm 
diameter aperture. Each of the two patties was evaluated using two different locations on 
each patty, giving four readings/treatment/day. The four individual values were then 
averaged to give a mean value for each of the L *, a*, orb* color measurements. The 
Hunterlab Labscan instrument was standardized using a Hunterlab color standard tile (LS 
12029) that was placed in ovetwrap film. 
Lipid oxidation analysis 
Lipid oxidation of pork patties was determined using the 2-thiobarbituric acid 
(TBARS) method ofTarladgis and others (1960). Two patties were evaluated in duplicate 
for each treatment, giving a total of four measurements per treatment. 
Sensory analysis 
Sensory evaluation for color and odor of the pork patties was conducted on each 
antioxidant treatment separately. Each evaluation (vitamin E, rosemary oleoresin, and 
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sodium erythorbate) was replicated twice. The panel evaluated the eight treatment 
combinations for each antioxidant after random numbers were assigned to each treatment. A 
trained panel, consisting of 7 members, evaluated the patties for aroma and color differences. 
Panelists were experienced in irradiation taste panels and received 5 training sessions prior to 
the start of product evaluation in order to review categories and key descriptors. 
The patties were evaluated for sensory properties on day 1, 5, 7, and 11 following the 
production day ( day 0) and included quality attributes of color and odor characteristics. 
Three specific attributes that were assessed included "pinkness", raw odor, and cooked odor. 
These attributes were evaluated using a 5-point scale that was based on intensity with 1 =not 
pink or no odor and 5 extremely pink or extreme odor. 
The color was evaluated in the package prior to odor assessment. The purpose for in-
package evaluation was to simulate customer impressions similar to those that occur in a 
retail setting. In order to simulate the retail setting, all samples were presented on yellow 
foam trays (14 cm by 20.5 cm). Odor evaluation took place after the patties had been 
removed from their overwrap packaging and had been exposed to "open" air for 5 minutes. 
The odor portion of the evaluation included a supplementary section on the evaluation form 
that asked the panelist to identify whether or not the odor detected was pleasant, unpleasant, 
normal, or abnormal. 
After raw odor evaluation was completed, the patties were cooked to an internal 
temperature of 71 °C (NAMP 1997). All temperatures were continuously monitored using a 
thermocouple attached to a hand held indicator (Model 450, Omega Engineering). The 
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patties were then assessed for cooked odor using the same scale used for the raw odor portion 
of the sensory evaluation. 
Statistical analysis 
This experiment was designed to determine the effects of specific combinations of 
antioxidant, packaging, and irradiation treatments on the quality of fresh ground pork. A 3 X 
3 X 2 factorial design was used, incorporating antioxidant (3), packaging (3), and irradiation 
(2) treatments. 
The experiment was performed twice ensuring that samples with the same treatments 
had similar effects. All instrumental and sensory analysis were conducted in duplicate for 
each individual treatment of each replication. 
The data for each of the main factors was analyzed independently by SAS software 
(SAS. 1986). Within this program, the MIXED procedure was used in order to compute 
anova tables fort-tests for differences in means (Littell and others 1996). The Kramer's 
adjustment (Kramer 1956) was made to the Tukey's range test in order to compensate for the 
multiplet-tests in this experiment. Kramer's adjustment accounts for 28 t-tests for the 28 
differences in treatment means. This is done in such a way that the probability of making at 
least one Type I error (two treatments means appear different when they are really the same) 
in the set of 28 t-tests is no greater than 0.05. 
Analysis of variance was also performed on each antioxidant, packaging, and 
irradiation treatment. Each of these tests was also then analyzed on individual days (Day 0-
14) and as an overall average. The General Linear Models procedure was used to test main 
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factors and any interactions (SAS. 1986). Mean values and standard errors of the mean 
(SEM) were reported. Significance was defined as P < 0.05. 
General effects of irradiation 
Lipid oxidation 
Results and Discussion 
Irradiation has been reported to induce oxidation oflipids (Murano 1995; Al-Kahtani 
and others 1996; Hampson and others 1996). This study supported these previous 
observations. Comparison of control products (without antioxidants) with treatments that 
were irradiated (IO) shows a significant increase in TBARS values for irradiated pork patties 
relative to non-irradiated (CO) samples (Tables 1, 2, and 3). 
Color 
Similar trends in color values were observed in this study (Tables 1, 2, and 3) but 
differences in our data were not found to be significant. Nanke and others (1999) reported 
increased L * (lightness) and decreased a* (redness) for irradiated boneless pork loins. 
Vitamin E 
Lipid oxidation 
In this experiment, vitamin E displayed significant antioxidant effectiveness against 
irradiation-induced lipid oxidation, as measured by TBARS analysis. As shown in Fig 1, 
samples that contained vitamin E exhibited decreased TBARS values for the 15-day period 
after processing, when compared to samples that did not contain vitamin E. As time 
progressed, samples that did not contain vitamin E showed increased TBARS values, while 
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the TBARS values of those that contained vitamin E remained relatively low throughout the 
test period. 
When analyzed statistically over the 15-day period, the vitamin E treatments of this 
experiment exhibited few significant differences among color and TBARS analysis when 
compared to rosemary oleoresin or sodium erythorbate (Tables 1, 2, and 3). This lack of 
significance differences in the means for vitamin E treatments can be accounted for by 
variation that occurred in the meat block. 
Because vitamin E was added as a dietary supplement, the base meat block was 
comprised of two separate groups of animals. It appears that as a result of these two separate 
groups of animals, the degree of variation in the meat block was increased. In spite of the 
variation, all samples (1-4, Table 1) without vitamin E, have larger overall TBARS 
measurements than samples (5-8, table 1) without vitamin E. Samples that were irradiated 
under aerobic conditions (I,O), displayed significantly greater TBARS values when compared 
to its non-irradiated counterpart (C,O). However, when patties treated with vitamin E were 
irradiated (A,1,O; A,I,V; A,1,Vab), no significant changes in TBARS values was observed 
relative to the vitamin E control (A,O) or the non-vitamin E treated control (C,O). 
Color 
L* For the vitamin E treatments, Hunter Lab evaluation showed no significant L * 
differences overall regardless of irradiation treatment, packaging during irradiation, or 
antioxidant. It should be noted that vitamin E samples appear to have consistently lower L * 
(lightness) values when compared to their corresponding non-vitamin E samples with the 
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same irradiation and packaging treatments (see Table 1 and/or Fig. 2 and 3); these differences 
however were not significant. 
a* No significant differences in a* values were observed between samples with the 
vitamin E treatments (Table 1 ). Vitamin E samples that were vacuum packaged during 
irradiation (A,I,V and A,I,Vab), showed a trend toward higher overall a* values compared to 
their non-vitamin E counterpart (Fig. 4). However, addition of vitamin E in the diet of swine 
did not result in a significantly increased "redness" of meat (higher a* values). 
b* Vitamin E had no effect on the b* values regardless of treatments. Vacuum 
packaged samples that were irradiated showed a slightly increased b* value with the addition 
of vitamin E, but this did not prove to be significant (Fig. 5). 
Rosemary oleoresin 
Lipid oxidation 
Non-irradiated samples that contained rosemary oleoresin consistently displayed 
lower TBARS values than the samples without rosemary oleoresin (Fig 6). 
As has been reported in several previous studies (Chiang and Hau 1992; Zhao and 
Sebranek 1996), irradiation of pork significantly increased TBARS values regardless of 
packaging treatment. This can also be observed in table 2 (samples 1-4). Upon addition of 
rosemary oleoresin however, the effects induced by irradiation were significantly reduced 
(samples 5-8). 
The addition of rosemary oleoresin to ground pork prior to irradiation also 
significantly reduced TBARS values over a 15-day period (Fig 6). As expected, the 
difference in TBARS values increased as storage time increased. 
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Color 
L* When analyzing the L * values for the treatments with rosemary oleoresin no 
difference was found among the various treatments (Table 2). Lightness values consistently 
were lower for samples with rosemary, however, these differences did not prove to be 
significant. 
a* The a* value for the I,O treatments (no antioxidant, irradiated, overwrap) had 
the lowest overall redness (Table 2). Not only was this true for the rosemary oleoresin 
portion of this study, but also occurred with the sodium erythorbate treatments and showed a 
non-significant trend with the vitamin E treatment. Treatment A,O (antioxidant, non-
irradiated, overwrap) displayed the highest average a* value. 
Samples with rosemary oleoresin that were irradiated under vacuum conditions 
(A,I,V and A,I,Vab) did not show significant differences in a* values when compared to any 
of the non-irradiated samples. 
When comparing the two samples that were irradiated under vacuum (Fig. 7), oxygen 
absorbers were generally higher for a* values than their vacuum-only counterparts. However 
the values are not significant, even though this trend was consistent throughout the later half 
of the 15-day trial period. 
When considering the 15 day storage period, the initial a* values for all non-irradiated 
samples were higher than any irradiated pork patties (Fig. 8). These a* values continued to 
be higher than the irradiated samples until after approximately 1 week of storage. 
b* Regardless of the antioxidant treatment, b* values were lower for the samples 
that were irradiated in aerobic packaging conditions (I,O and A,I,O - Table 2). Irradiation of 
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ground pork in presence of oxygen and rosemary oleoresin yielded the lowest b* average for 
the entire study. 
Sodium erythorbate 
Lipid oxidation 
For the samples with sodium erythorbate in this study, the aerobic treatments that 
were not irradiated had the lowest TBARS values (C,O and A,O). Both of these samples 
were significantly lower than the two samples that were irradiated under aerobic conditions 
(Table 3). 
When evaluating the 15-day trends exhibited by the various treatments, non-irradiated 
ground pork patties displayed a very uniform TBARS reading (Fig. 9). Samples that were 
irradiated began at about the same level, but increased with time during the testing period. 
No significant effect of sodium erythorbate was noted in TBARS values regardless of 
the packaging combination employed (Table 3). 
Color 
L * Ground pork patties that were irradiated without sodium erythorbate had 
significantly higher L * (lightness) values than the control (I,O; I,V; I,Vab vs. C,O - Table 3). 
When the patties were irradiated with sodium erythorbate, this difference disappeared (A,I,O; 
A,I,V; and A,I,Vab vs. C,O). 
Among the samples that contained sodium erythorbate, the non-irradiated overwrap 
resulted in significantly lower L * values when compared to it's irradiated overwrap 
counterpart as well as the irradiated vacuum-packed sample. No significant difference was 
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noted between treatment A,O and A,I,Vab (antioxidant overwrap vs. antioxidant, irradiated, 
oxygen absorber - Table 3). 
a* Irradiated ground pork with sodium erythorbate and either vacuum or oxygen 
absorber-packed was significantly greater in a* values than the other samples in this 
experiment (Table 3). 
The sample with overall lowest a* value had no added sodium erythorbate and was 
irradiated under aerobic conditions. This sample was significantly different from its 
counterpart that included sodium erythorbate (I,O vs. A,I,O). 
When evaluating the changes over 15 days trends for irradiated samples, it should be 
noted that irradiated samples with sodium erythorbate maintained their a* values for a longer 
duration than those without sodium erythorbate (Fig. 10 and 11 ). 
b* Results for b* values showed no significant differences between sodium 
erythorbate samples that were irradiated vs. those that were not (Table 3). Treatment PI 
(C,O) was significantly different from any irradiated samples that were vacuum packed or 
received an oxygen absorber. 
Storage shows that those treatments that were not irradiated (C,O and A,O) did not 
maintain the b* values after day 6 of the trails (Fig. 12). The remaining samples that were 
irradiated maintained their values throughout the entire test period. 
Sensory evaluation 
Sensory evaluation data did not reveal any differences among any of the samples 
regardless of antioxidant, packaging, or irradiation treatment. This was true of the color 
(pinkness) and the odor (raw and cooked) portions of the sensory evaluation. 
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Conclusions 
The results this study suggest that certain antioxidants can reduce irradiation-induced 
lipid oxidation and color changes of ground pork during a 15 day storage period. Packaging 
also showed the ability to affect the quality changes exhibited by irradiation of ground pork. 
Rosemary oleoresin, in particular, decreased TBARS values for irradiated ground pork. 
Addition of rosemary oleoresin also had positive effects on irradiated pork color such as 
reduced L * (lightness) values while increasing a* (redness) values. Vacuum packaging 
yielded additional positive color effects and reduced TBARS values for irradiated pork 
patties. 
Vitamin E and sodium erythorbate may exhibit of the same trends as rosemary 
oleoresin, but tended to be less effective. Because previous work has proven irradiation to be 
a valuable tool to combat microorganisms in food, retention of quality has become important. 
This study suggests that combinations of antioxidants and packaging treatments can be used 
to produce irradiated raw meat products that are both safe and high quality. 
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Table 1. 
Least squares means for the TBARS values and color values of irradiated 
ground pork patties from pigs feed vitamin E. * 
Sample ID** TBARS L a b 
1-C,O 0.463 2 62.88 16.83 20.08 
2-I,O 4.099 1 63.44 15.57 19.28 8 
3-I,V 2.790 63.25 16.84 20.11 
4-I,Vab 2.655 63.00 16.97 20.05 
5-A,O 0.129 60.83 17.61 20.08 
6-A,I,O 0.400 61.95 17.78 19.57 
7 -A,I,V 0.302 61.73 18.64 20.48 
8-A,I,Vab 0.393 61.46 18.97 20.68 2 
i-s Superscripts in each column denote other sample ID's in the column which are 
significantly different (P<0.05). 
* LS means significantly (P<0.05) different by Kramer-Tukey multiple range test. Kramer 
adjustment for inter-treatment comparison not shown. 
** C = control, I= irradiated, 0 = overwrap package, V = vacuum, 
Vab = vacuum package with oxygen absorber, A= antioxidant added 
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Table 2. 
Least squares means for the TBARS values and color values of irradiated 
ground pork patties with added rosemary oleo resin.* 
Sample ID** TBARS L a b 
1-C,O 0.459 2'3,4 62.44 16.44 2'6 19.92 6 
2-I,O 4.273 1,3,4,5,6,7,8 63.07 13.74 1,4,5,7,8 19.03 4'5 
3-I,V 3.850 1,2,4,5,6,7,8 62.62 15.06 5 19.59 6 
4- I,Vab 2.4 18 l,2,3,5,6,7,8 62.47 16.20 2'6 20.14 2'6 
5-A,O 0.183 2,3,4,6 61.89 17 .16 2'3'6 20.08 2'6 
6-A,I,O 1.097 2,3,4,5,8 62.43 8 14.41 1,4,5,8 18.48 1,3,4,5,7,8 
7-A,I,V 0.599 Z,J,4 61.78 15.90 2 19.63 6 
8-A,I,Vab 0.417 2,3,4,6 61.54 6 16.92 2'6 19.76 6 
1
-
8 Superscripts in each column denote other sample ID's in the column which are 
significantly different (P<0.05). 
* LS means significantly (P<0.05) different by Kramer-Tukey multiple range test. Kramer 
adjustment for inter-treatment comparison not shown. 
** C = control, I= irradiated, 0 = overwrap package, V = vacuum, 
Vab = vacuum package with oxygen absorber, A= antioxidant added 
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Table 3. 
Least squares means for the TBARS values and color values of irradiated 
ground pork patties with added sodium erythorbate. * 
Sample ID** TBARS L a b 
1-C,O 0.170 2'6 60.95 2'3'4 17.67 7'8 18.91 3,4,7,8 
2-I,O 2.139 1'5 62.06 1 16.82 3,5,6,7 ,8 19.68 
3-I,V 0.865 61.73 I 18.09 2'7'8 20.38 1'5 
4- I,Vab 1.424 62.02 I 17.51 5'7'8 19.97 1 
5-A,O 0.134 2'6 60.74 6'7 18.27 2,4,7,8 19.29 3'7'8 
6-A,I,O 1.738 1'5 61.88 5 18.07 2'7'8 19.73 
7 -A,I,V 0.851 61.56 5 19.03 1,2,3,4,5,6 20.35 1'5 
8 -A,I,Vab 0.724 61.26 19.09 1,2,3,4,5,6 20.61 1'5 
1
-
8 Superscripts in each column denote other sample ID's in the column which are 
significantly different (P<0.05). 
* LS means significantly (P<0.05) different by Kramer-Tukey multiple range test. Kramer 
adjustment for inter-treatment comparison not shown. 
** C = control, I= irradiated, 0 = overwrap package, V = vacuum, 
Vab = vacuum package with oxygen absorber, A= antioxidant added 
Figure 1. 
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Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 
Figure 9. 
Figure 10. 
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GENERAL CONCLUSIONS 
The results of the study indicate that certain antioxidants can reduce lipid oxidation 
and minimize color changes induced by irradiation of ground pork during a 15 day storage 
period. Packaging also showed the ability to affect the quality changes exhibited by 
irradiation of ground pork. Addition of rosemary oleoresin, in particular, decreased TBARS 
values for irradiated ground pork. In conclusion, because previous work has proven 
irradiation to be a valuable tool to combat microorganisms in food, retention of quality has 
become important. This study suggests that various combinations of antioxidant and 
packaging treatments can be used to produce irradiated raw meat products that are both safe 
and high quality. 
The amount of variation among the live animals (vitamin E portion) did not allow the 
statistical analysis to exhibit the differences among treatments. Future trials may include a 
larger number of animals to decrease the variation. 
Future studies should include a trained panel that would taste samples for off-flavors. 
While no treatments showed little odor or color differences, cooked flavor is also a major 
determinant of the usefulness of any treatment combinations 
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APPENDIX 
Sample of sensory evaluation score sheet 
Pork Color & Odor Score Sheet 
Panelist: ___ _ 
Date: -----
Please evaluate these ground pork samples for intensity of pinkness and intensity of raw and 
cooked odor using the following scales: 
Not Pink 1 
Slightly Pink 2 
Moderately Pink 3 
Very Pink 4 
Extremely Pink 5 
Sample# Pinkness Odor 
No Odor 1 
Slight Odor 2 
Moderate Odor 3 
Strong Odor 
Extreme Odor 
Cooked Odor 
4 
5 
If you found an odor, was it 
(circle one in each row) 
Pleasant 
Normal 
Unpleasant 
Abnormal 
Additional Comments: 
87 
List of additional figures 
1) Vitamin E fed swine - a* values of ground pork over a 14 day storage period. 
Aerobic packaging during irradiation. 
2) Vitamin E fed swine - b* values of ground pork over a 14 day storage period. 
Aerobic packaging during irradiation. 
3) L * values of ground pork with added rosemary oleoresin over a 14 day storage period. 
Aerobic packaging during irradiation. 
4) L * values of ground pork with added rosemary oleoresin over a 14 day storage period. 
Vacuum packaging during irradiation. 
5) b* values of ground pork with added rosemary oleoresin over a 14 day storage period. 
Aerobic packaging during irradiation. 
6) b* values of ground pork with added rosemary oleoresin over a 14 day storage period. 
Vacuum packaging during irradiation. 
7) L * values of ground pork with added sodium erythorbate over a 14 day storage 
period. Aerobic packaging during irradiation. 
8) L * values of ground pork with added sodium erythorbate over a 14 day storage 
period. Vacuum packaging during irradiation. 
Vitamin E fed swine - a* values of ground pork over a 14 day storage period 
Aerobic packaging during irradiation 
00 
00 
Vitamin E fed swine - b* values of ground pork over a 14 day storage period 
Aerobic packaging during irradiation 
00 
\0 
L* values of ground pork with added rosemary oleoresin over a 14 day storage period 
Aerobic packaging during irradiation 
\0 
0 
L* values of ground pork with added rosemary oleoresin over a 14 day storage period 
Vacuum packaging during irradiation 
\0 -
b* values of ground pork with added rosemary oleoresin over a 14 day storage period 
Aerobic packaging during irradiation 
\0 
N 
b* values of ground pork with added rosemary oleoresin over a 14 day storage period 
Vacuum packaging during irradiation 
\0 w 
L* values of ground pork with added sodium erythorbate over a 14 day storage period 
Aerobic packaging during irradiation 
'° 
L* values of ground pork with added sodium erythorbate over a 14 day storage period 
Vacuum packaging during irradiation 
\0 
Vi 
Acquisition 
of base 
meat block 
Antioxidant 
incorporation 
Packaging 
for 
irradiation 
I 
AeroMc 
I 
I d
. . I I I 
rra iatton 
treatment 1Non-Irrl I Irr 
Packaging ;x l 
st!~:ge , Uerobicl AeroMc 
I 
.._______J I pl 
Sample 
identification 
Diagram of experimental design 
I . 
No Antioxidant~ 
] 
I I 
MeatBlock 
I 
I 
Vacuum I I 01 Ab~orberl I Aerobic 
I 1 l 
l 
Antioxidant~ 
I 
I I 
Vacuum I I 01 Ab~orber 
I I 
I I I I I [ ___] r I 
Non-Irrl I Irr I INon-Irrl I Irr j lNon-Irrl I Irr I INon-Irrl I Irr I INon-Irrl I Irr 
I LII T 7 
Aerobic Aerobic Aerobic Aerobic Aerobic Aerobic 
p] p~ p~ pO p1 
L__ 
\0 
0\ 
